Monitoring biological communities through time helps reveal the state of habitat conservation. We performed a new inventory of the medium and large-sized mammals in the Augusto Ruschi Biological Reserve, southeastern Brazil. Our assessment was based on a new camera-trapping sampling design that incorporates a one-year Enhanced Vegetation Index (EVI) to characterize environmental heterogeneity across the study area. We selected sampling locations in different microhabitats to conduct a 90-day camera trap monitoring. Our sampling effort was 28,704 hours, resulting in 755 photographic records, from which we identified 15 native medium and large-sized mammals, one small-sized mammal (Guerlinguetus brasiliensis), and one exotic species (Canis familiaris). The native mammals included four species not listed in the last inventory carried out in the study area: Dasypus novemcinctus (nine-banded armadillo), Tamandua tetradactyla (collared anteater), Herpailurus yagouaroundi (jaguarundi), and Cerdocyon thous (crab-eating fox). This outcome may indicate the efficiency of our sampling design, which represents an innovative approach to characterizing local mammal communities across an environmental gradient, ensuring broad representation of different resources and habitat characteristics. Consequently, our approach may ensure the recording of the local mammal assemblage and is an appropriate option for inventorying and monitoring medium to large-sized mammals.
INTRODUCTION
The Atlantic Forest is one of the richest Neotropical biomes, but it is also the most threatened due to extensive habitat destruction (Myers et al. 2000 , Pimm & Jenkins 2010 . Such threats make it crucial to study biodiversity continuously across habitats and through time, particularly in localities pointed out as priority areas for conservation due to their biodiversity value. Continuous or periodic monitoring enables assessments of the status of species conservation, evaluation of threats, and the design of management strategies to avoid or mitigate such threats (Ervin 2003 , Rao et al. 2007 . Although many inventories of Atlantic Forest biodiversity have been carried out recently (e.g., Gatti et al. 2017 , Oliveira et al. 2017 , knowledge gaps remain for all groups of flora and fauna, including mammals (Oliveira et al. 2017) .
Fortunately, efforts are being made to fill these knowledge gaps. In the Brazilian Espírito Santo State, updates to the mammal species list have been published in the last 10 years. For example, Moreira et al. (2008) conducted a detailed assessment of the mammalian fauna of Espírito Santo state. For the central mountain region of this state in the Santa Teresa municipality, a field report (Srbek-Araujo & Chiarello 2007 ), a museum compilation (Passamani et al. 2000) , and a literature review (Moreira et al. 2008) have been presented on its medium and largesized mammals. Moreover, an assessment of the mammalian fauna was conducted in 2008 in the Augusto Ruschi Biological Reserve (ARBR hereafter), representing the most recent mammal species list for the region (Gatti et al. 2014) .
The concentration of inventories conducted in the central mountain region of Espírito Santo State is justified due to its relevance to the conservation of the Atlantic Forest mammal biodiversity, as demonstrated by Galetti et al. (2009) . These authors evaluated priority areas for conservation according to their species richness representativeness, population abundances, body sizes of different species, conservation status, and forest patch areas (Galetti et al. 2009 ). Therefore, we carried out a new inventory of the medium and large-sized mammals in the ARBR based on a new sampling design that accounts for environmental factors acting on the spatial organization of mammals. We sorted our sampling units according to an environmental gradient, represented by the Enhanced Vegetation Index. We compare our results with those of previous species inventories and confirm the occurrence or absence of some mammal species after an eight-year monitoring gap.
MATERIAL AND METHODS

Study area
The study was conducted in the ARBR, located in the municipality of Santa Teresa, Espírito Santo State, Brazil (19°54'20"S, 40°33'44"W, datum WGS84) ( Figure 1A ). The ARBR is a strictly protected area (equivalent to International Union for the Conservation of Nature IUCN category Ia), in which only indirect use of natural resources is permitted (Brasil 2000) . The reserve covers an area of 3,598.41 ha, comprising Dense Ombrophylous Forest vegetation, steep slopes, and small floodplains and outcrops (Gonçalves 1997) . The altitude varies between 780 and 1,050 m (Gonçalves 1997) .
Sampling design and habitat characterization
We installed camera traps at 14 sampling stations, which we purposefully selected in the field to maximize environmental heterogeneity (assessed according to the protocol described below) and accounting for logistical feasibility. One of the 14 camera traps was stolen during sampling, and the remaining 13 sampling stations ranged between one and eight kilometer of distance. Camera traps were fixed to trees at a height of 30-40 cm from the ground. We used bait (scent lures) to attract carnivores (Calvin Klein® Obsession for Men) (Cove et al. 2014) . The equipment was active continuously during four months, between September and December 2016.
We assessed one-year Enhanced Vegetation Index (EVI) data over the entire ARBR, using a 4 km 2 grid cell resolution to environmentally characterize the sampling area and to measure heterogeneity among localities. We downloaded EVI data through the "MODISTools" package (Tuck et al. 2014) in the R software (R Core Team 2016). EVI consists of reflectance information on biomass density with low atmospheric interference obtained by the MODIS sensor at 16-day intervals (Huete et al. 2002) . We synthesized the global information for each grid cell through basic and circular statistics to describe each cell's central tendency and variation. This process generated a set of variables representing environmental heterogeneity, assessed according to the following EVI statistics: integral average, standard deviation of the integral data, coefficient of variation of the integral data, average of the highest quartile, lowest annual value, average of the lowest quartile, highest annual value, amplitude, and circular average of most productive station. Basic statistics were calculated using the "stats" package (R Core Team 2016), and the "CircStats" package (Lund & Agostinelli 2012 ) was used for circular statistics, both of which were implemented in R (R Core Team 2016).
We conducted a Principal Component Analysis (PCA) to reduce the dimensionality of the EVI index variables (Legendre & Legendre 1998 ), which we performed using the "ade4" package (Dray & Dufour 2007) in R (R Core Team 2016) . Grid cells were divided into six groups of ecological similarity based on our principal component scores. The grouping was performed using K-means analysis, which consists of a divisible and non-hierarchical cluster analysis (Legendre & Legendre 1998) . Our objective was to select two sampling stations (grid cells) for each of the six ecological groups, so we defined K = 6. This analysis was conducted in R using the "stats" package (R Core Team 2016).
Photographic data identification and analysis
Recorded species were identified to the lowest taxonomic level possible, mainly following the nomenclature proposed by Wilson & Reeder (2005) . For rodents, we consulted Patton et al. (2015) . We followed Chiarello (2000) in considering mammals with a body weight > 1 kg but < 20 kg as medium-sized, and Carbone et al. (1999) in defining mammals >20 kg as large. To assess individual species' threat status, we consulted the IUCN red list (IUCN 2018 ) and the Brazilian red book (ICMBio 2016). Camera trap sampling effort was determined by the total sampling hours and sampling adequacy was estimated using a species accumulation curve following Colwell et al. (2012) . We also assessed species richness for each sampled grid cell.
We evaluated the ability of our sampling design to describe differential mammal species occurrence by calculating an average dissimilarity index for each sampling unit. The dissimilarity index used was derived from the Bray-Curtis index for binary data (Bray & Curtis 1957) . We choose to represent the mammal assemblage through discrete presence and absence data because the objective of mammal assessment is to provide a list of species occurrence. We expected to record equivalent average dissimilarity across sampling units, suggesting complementarity among sampling units and similar contributions to our description of the study area assemblage.
RESULTS
The PCA generated two orthogonal axes that represented 56% and 34% of the environmental variability, respectively. After the second axis, there is an abrupt drop in the explained proportion of variation ( Figure 2A ). The first principal component correlates strongly with the circular average of the most productive station, whereas the second principal component is best represented by the integral average of EVI ( Figure 2B ). Mapping the heterogeneity captured by both PCA axes using the six K-means groups, we observed that selected sampling stations were satisfactorily distributed across the environmental gradient of the study area ( Figure 1B Figure 2C ). Our camera-trapping sampling effort amounted to 28,704 hours, which resulted in 755 photographic records of identifiable mammals. The number of species records was not evenly distributed throughout the ARBR ( Figure 1C ). We identified 15 native medium and large-sized mammals, one smallsized mammal (Guerlinguetus brasiliensis), and one exotic species (Canis familiaris), representing a total of 17 mammal species from eight orders and 13 families (Table 1; Figure 3 and 4). We could only identify to genus level some photographic records for brocket deer of the genus Mazama, small spotted felids of the genus Leopardus, and armadillos of the genus Dasypus. The species accumulation curve reached sampling sufficiency at 13 sites, as demonstrated by the confidence interval for the thirteenth sampling station ( Figure 5 ).
The richest order was Carnivora (N = 9), followed by Artiodactyla (N = 2). The species with the highest number of records was the domestic dog, followed by Cuniculus paca (spotted paca) and Didelphis aurita (big-eared opossum) ( Figure 6A ). Didelphis aurita, Nasua nasua (South American coati) and the domestic dog were the species with the broadest distributions ( Figure 6B ), but none of these was registered by all camera stations ( Figure 6B ). Mammal richness was not evenly distributed throughout the ARBR ( Figure 1D ), with camera stations recording from 2 to 10 mammal species. However, the average dissimilarity index had low variation among sampling units (0.33 ± 0.07), suggesting that each sampling station contributed similarly to characterize the medium to large mammal assemblage of the ARBR. 
Species
DISCUSSION
This study updates the 2008 mammal inventory for the ARBR (Gatti et al. 2014) , for which we found a similar mammal assemblage. Gatti et al. (2014) reported 29 medium and large-sized mammals (including the domestic dog), but only 19 of these were recorded from field-based methods. Lack of arboreal species like Bradypus torquatus (maned sloth) and Brachyteles hypoxanthus (Northern muriqui) is the main difference among the species recorded in our study and those registered using field-based methods by Gatti et al. (2014) . Since our camera traps were fixed close to the ground, arboreal species could only be recorded opportunistically, such as our records of Sapajus robustus (black capuchin). However, we confirmed the occurrence of four species that were not reported by Gatti et al. (2014) : the Dasypus novemcinctus (nine-banded armadillo), the Tamandua tetradactyla (collared anteater), the H. yagouaroundi (jaguarundi), and the Cerdocyon thous (crab-eating fox). Moreover, other mammal inventories conducted in Espírito Santo State have registered approximately the same mammal species richness as our study (17-20 species) , taking account of differences in sampling methods (e.g., transects or censuses, trapping, spoor, and surveying museum collections), which differed among studies (Passamani et al. 2000 , Tonini et al. 2010 , Delciellos et al. 2012 , Ferreguetti et al. 2014 , Gatti et al. 2014 , Gatti et al. 2017 , Guerra & Leite 2017 .
Therefore, we assert that our approach is effective for sampling medium and large terrestrial mammals considering a small number of sampling stations. We highlight two main reasons contributing to the effectiveness of this approach. The first is logistical feasibility of the camera trap method and its efficiency for monitoring terrestrial vertebrates, especially solitary species and those exhibiting secretive behaviors (Bridges & Noss 2011 ). The second is our sampling design, which is an innovative approach for mammal inventories and proved to be appropriate for characterizing the local mammal community across different microhabitats. This methodological approach ensures the broadest representation of microhabitat characteristics and potential resource usage across the study area, which efficiently increases the diversity of species recorded (Magurran 1988 ). The EVI permits broad environmental representation across different spatial and temporal scales, enabling multi-scale analyses (Fernández 2013 , Palomares et al. 2016 . Therefore, it has advantages over local representations of phytophysionomies or vegetation formations, which have more homogeneous spatial and temporal patterns (Fernández 2013 , Palomares et al. 2016 .
The native medium and large-sized mammals recorded in this study (N = 15) represent 21.42% of such species known to occur in the Atlantic Forest (according to Paglia et al. 2012 ) and 36.58% of those reported in Espírito Santo State (Moreira et al. 2008 ). When we compared our results to those of 10 and 18 years ago for the municipality of Santa Teresa (i.e., Passamani et al. 2000 , Srbek-Araujo & Chiarello 2007 , Gatti et al. 2014 , most of the species listed in those previous studies are still present in the ARBR. This scenario reinforces the importance of the ARBR to the regional conservation of mammals. However, maintaining species richness does not necessarily reflect population stability for a species, which is evidenced by the degree of local extinction of large-sized mammals, such as the Panthera onca (jaguar), the Tayassu pecari (white-lipped peccary), and most recently the Tapirus terrestris (lowland tapir) , Flesher & Gatti 2010 . Instead, estimates of population density are required to assess the longterm conservation status of focal species (Ehrlén & Morris 2015) .
Our study highlights the ubiquitous presence of the domestic dog as an invasive species, which likely has a highly negative impact on the biodiversity of the ARBR. This threat has persisted over the years in this region and represents a major problem for wildlife conservation, especially in protected areas (Srbek-Araujo & Chiarello 2008 , Lacerda et al. 2009 , Gatti et al. 2014 , Lessa et al. 2016 . Other potential anthropogenic threats are also present in the study area, such as agricultural encroachment (primarily coffee; Pinto et al. 1993) , Eucalyptus plantations, and hunting pressure (Mendes & Padovan 2000) , which may mutually reinforce the negative effects on the reserve's populations of medium and largesized mammals.
All these threats are relevant to the conservation of mammal species and their populations since the central mountainous region of Espírito Santo State still harbors emblematic species, such as the P. concolor (puma), the critically threatened B. hypoxanthus (Northern muriqui), and the vulnerable B. torquatus (maned sloth) (see Passamani et al. 2000 , Moreira et al. 2008 , Gatti et al. 2014 . The presence of these species suggests the landscape retains some of its habitat integrity and therefore still possesses conservation potential (Galetti et al. 2009 ). Consequently, mitigation of the many anthropogenic impacts and continuous biodiversity monitoring should be a management priority to ensure the survival of mammal populations in the region, reinforcing the importance of an effective sampling design to increase the feasibility of long-term monitoring and to ensure species representability, as achieved by the methodology applied in this study.
